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In the title salt, C 20 H 21 N 2 ÁC 7 H 7 SO À 3 ÁH 2 O, the quinolinium cation exhibits a large molecular non-linear optical (NLO) response, as determined by Stark spectroscopy, but crystallization in the centrosymmetric space group P1 precludes signi®cant bulk NLO effects. Intermolecular OÐHÁ Á ÁO and weak CÐHÁ Á ÁO hydrogen bonding links the constituent molecules into a three-dimensional network.
Comment
The synthesis and study of molecular compounds with nonlinear optical (NLO) properties has attracted much attention, because such materials hold promise for applications in optoelectronic and photonic devices (Bosshard et al., 1995; Nalwa & Miyata, 1997) . In order to create ef®cient quadratic (second-order) NLO materials, both the molecular and bulk properties must be optimized. The majority of promising compounds constitute dipolar donor±%-acceptor (D±%-A) molecules and these must be arranged noncentrosymmetrically in order to afford macroscopic structures capable of showing bulk quadratic NLO effects, such as frequency doubling (second-harmonic generation, SHG).
Within the diverse range of existing NLO compounds, stilbazolium salts are particularly attractive for device applications (Lee & Kim, 1999) . The archetypal compound trans-4 H -(dimethylamino)-N-methyl-4-stilbazolium para-toluenesulfonate (DAST) displays very marked bulk quadratic NLO activity, as originally shown by powder SHG studies (Marder et al., 1989 (Marder et al., , 1994 . At the molecular level, quadratic NLO effects are determined by ®rst hyperpolarizabilities , and static (`off-resonance') ®rst hyperpolarizabilities 0 are normally used when comparing active compounds. HyperRayleigh scattering experiments with DAST using a 1064 nm laser yielded a large 0 value of 364 Â 10 À30 esu (Duan et al., 1995) . DAST has therefore been intensively investigated over recent years (Meier et al., 2000; Kaino et al., 2002) , including the growth of large high-quality single crystals (Pan et al., 1996; Sohma et al., 1999; Mohan Kumar et al., 2003) , and the demonstration of prototype NLO devices for parametric interactions and electro-optical modulation (Meier et al. 1998; Bhowmik et al. 2000; Geis et al. 2004; Taniuchi et al. 2004) . In addition to their NLO properties, D±%-A molecules display intense low-energy absorption bands which arise from %(D) 3 %*(A) intramolecular charge-transfer (ICT) excitations. A two-state model (Oudar & Chemla, 1977; Zyss & Oudar, 1982) shows that 0 is proportional to the product of the square of the ICT transition dipole moment " 12 and the dipole moment change Á" 12 , and inversely proportional to the square of the ICT energy E max . Therefore, 0 increases with increasing intensity and decreasing energy of the ICT absorption. The ICT band of the PF (Xu et al., 1995) , although the precision of the present structure is rather higher. The conjugated aromatic system is essentially planar, with a maximum deviation from the mean plane of 0.094 A Ê for atom C24, and this plane forms an angle of 77.48 (6) with the benzene ring plane of the tosylate anion.
The crystal packing structure of (I) is critical in relation to quadratic NLO properties. DAST crystallizes noncentrosymmetrically in the space group Cc (Marder et al., 1989) , but unfortunately (I) adopts the centrosymmetric space group P1 and is hence not suitable for bulk NLO effects. Perhaps not unexpectedly, replacement of the pyridinium ring in DAST with a quinolinium group changes the crystallization behaviour. In fact, the presence of water molecules within the crystal structure of (I) leads to a network of hydrogen bonds involving water, the tosylate anion and the chromophoric cation. The water molecules and tosylate anions form centrosymmetric OÐHÁ Á ÁO hydrogen-bonded rings, and weak intermolecular CÐHÁ Á ÁO hydrogen bonds link these rings to the quinolinium moieties to form a three-dimensional network (Fig. 2) .
It has been proposed that the natural tendency towards antiparallel dipole aligment between the cations in DAST is overcome by the presence of the intervening tosylate anions (Marder et al., 1989 (Marder et al., , 1994 , but such an effect is not evident in (I). Although this outcome is rather disappointing, salts of the cation in (I) with other anions may well adopt different crystal structures capable of showing bulk NLO behaviour.
Experimental
The compound trans-4-[(4-dimethylaminophenyl)-2-ethenyl]-Nmethylquinolinium iodide (Bahner et al., 1951) was synthesized by adapting a method which has been applied previously to the analogous dibutylamine compound (Alain et al., 2000). Piperidine (3 drops) organic papers
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Figure 1 A representation of the molecular structure of (I), with 50% probability displacement ellipsoids.
Figure 2
A representation of the hydrogen-bonding interactions (dashed lines) in (I).
was added to a solution of 4-methyl-N-methylquinolinium iodide (276 mg, 0.968 mmol) and 4-(dimethylamino)benzaldehyde (289 mg, 1.937 mmol) in methanol (20 ml). The solution immediately turned purple and was stirred under re¯ux for 4 h. After cooling to room temperature, the solution was added dropwise to diethyl ether to afford a dark precipitate which was ®ltered off, washed with diethyl ether and then water, and dried under vacuum (yield 349 mg, 87%). A portion of this crude material (125 mg, 0.300 mmol) was metathesized to (I) by precipitation from water±aqueous sodium paratoluenesulfonate (yield 115 mg, 83%). Compound (I) has been reported previously (Metzger et al., 1969) . Crystals of (I) suitable for single-crystal X-ray diffraction measurements were obtained by slow diffusion of diethyl ether vapour into a methanol solution of (I) at room temperature; note that the same method is used to produce SHG-active crystals of DAST (Marder et al., 1994 Table 2 Hydrogen-bond geometry (A Ê , ). 
The H atoms of the water molecule were re®ned independently with isotropic displacement parameters. H atoms bonded to C atoms were placed in calculated positions, with CÐH distances of 0.95 A Ê [0.98 A Ê for methyl], and included in the re®nement in a riding-model approximation, with U iso = 1.2U eq (C), or 1.5U eq (C) for methyl groups.
Data collection: DENZO (Otwinowski & Minor, 1997) and COLLECT (Hooft, 1998) ; cell re®nement: DENZO and COLLECT; data reduction: DENZO and COLLECT; program(s) used to solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics: PLATON (Spek, 2003) ; software used to prepare material for publication: SHELXL97. Extinction correction: SHELXL97 (Sheldrick, 1997) Symmetry codes: (i) −x+1, −y+1, −z+1; (ii) x−1, y, z; (iii) x+1, y+1, z.
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